RCL hydrolyzes 2'-deoxyribonucleoside 5'-monophosphate via formation of a reaction intermediate.
RCL is an enzyme that catalyzes the N-glycosidic bond cleavage of purine 2'-deoxyribonucleoside 5'-monophosphates. Recently, the structures of both free wild type and GMP-bound mutant complex have been determined by multidimensional NMR, revealing a doubly wound α/β protein existing in a symmetric homodimer. In this work, we investigated the catalytic mechanism by rational site-directed mutagenesis, steady-state and pre-steady-state kinetics, ITC binding analysis, methanolysis, and NMR study. First, we provide kinetic evidence in support of the structural studies that RCL functions in a dimeric form, with an apparent dissociation constant around 0.5 μM in the presence of substrate dGMP. Second, among the eight residues under investigation, the highly conserved Glu93 is absolutely critical and Tyr13 is also important likely contributing to the chemical step, whereas Ser117 from the neighboring subunit and Ser87 could be the key residues for the phosphate group recognition. Lastly, we demonstrate by methanolysis study that the catalytic reaction proceeds via the formation of a reaction intermediate, which is subsequently hydrolyzed by solvent nucleophile resulting in the formation of normal product deoxyribose monophosphate (dR5P) or methoylated-dR5P. In conclusion, the current study provides mechanistic insights into a new class of nucleotide hydrolase, which resembles nucleoside 2'-deoxyribosyltransferases structurally and functionally but also possesses clear distinction.